Rothia endophytica sp. nov., an actinobacterium isolated from Dysophylla stellata (Lour.) Benth , was isolated from healthy roots of Dysophylla stellata (Lour.) Benth. Cells of this aerobic, cream-yellow-coloured strain occurred singly, in pairs or in tetrads, were Gram-stain-positive and ovoid-to spherical-shaped. Strain YIM 67072
T (97.3 %) in many phenotypic characteristics. Moreover, the levels of DNA-DNA relatedness between the novel isolate and the three above-mentioned type strains were 28.7±1.3 %, 36.5±1.2 %, 46.8±1.5 %, respectively. Based on comparative analysis of physiological and chemotaxonomic data, strain YIM 67072 T represents a novel species of the genus Rothia, for which the name Rothia endophytica sp. nov. is proposed. The type strain is YIM 67072 T (5DSM 26247 T 5JCM 18541 T ).
The genus Rothia was first proposed by Georg & Brown (1967) in the family Actinomycetaceae because of similarities in morphological characteristics (Schaal, 1992) . The genus description was later emended and the genus transferred to the family Micrococcaceae based on phylogenetic and other analyses by Stackebrandt et al. (1997) . At the time of writing, the genus Rothia comprises six species, Rothia aeria (Li et al., 2004) , Rothia amarae (Fan et al., 2002) , Rothia dentocariosa (Onishi, 1949; Georg & Brown, 1967) , Rothia mucilaginosa (Collins et al., 2000) , Rothia nasimurium (Collins et al., 2000) and Rothia terrae (Chou et al., 2008) , which were isolated from an air sample, sludge of a foul water sewer, a human oral cavity, a human pharynx, the nose of a healthy mouse and subtropical fields, respectively. In this study, we describe another novel species of this genus isolated from Dysophylla stellata (Lour.) Benth., a traditional Chinese medicinal plant.
Endophytic bacteria can be defined as the bacteria that colonize the internal tissue of the plant showing no external sign of infection or negative effect on their host (Schulz & Boyle, 2006) . During the investigations of the diversity and taxonomy of actinomycetes associated with medicinal plants from Yunnan Province, south-west China, strain YIM 67072 T was isolated from the surface-sterilized roots of Dysophylla stellata (Lour.) Benth. The objective of the present study was to determine the taxonomic position of this novel isolate.
The roots of Dysophylla stellata (Lour.) Benth. were collected in Yunnan Province, south-west China. Roots were washed in running water to remove soil particles, sterilized by the established procedure (Li et al., 2008) , then sliced into pieces, followed by plating on raffinose-histidine agar plates (containing 5 g raffinose, 1 g histidine, 1 g K 2 HPO 4 , 1 g KNO 3 , 1 g NaCl, 1 g ) to inhibit growth of bacteria and fungi. The plates were incubated at 28 u C for 4-6 weeks until the outgrowth of endophytic actinomycetes were discerned. Colonies originating from the root segments were selected and pure cultures were obtained by repeated streaking on YIM 38# plates [5 g malt extract, 4 g yeast extract, 4 g glucose, vitamin mixture (containing 0.5 mg each of thiaminehydrochloride, riboflavin, niacin, pyridoxine-hydrochloride, inositol, calcium pantothenate and p-aminobenzoic acid and 0.25 mg biotin), 1 l distilled water, 15 g agar; pH 7.2] . The purified strain YIM 67072 T was maintained on trypticase soy agar (TSA) slants at 4 uC and as 20 % (v/v) glycerol suspensions at 280 uC.
Extraction of genomic DNA, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Li et al. (2007) . The values for sequence similarity among the closest strains were determined using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple alignments with sequences of the most closely related actinobacteria were carried out using the CLUSTAL X 1.8 program (Thompson et al., 1997) . Phylogenetic trees were reconstructed by the neighbourjoining (Saitou & Nei, 1987) , maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) treemaking algorithms in the MEGA software package version 5.05 (Tamura et al., 2011) . The stability of relationships was assessed by performing bootstrap analyses with 1000 resamplings (Felsenstein, 1985) . DNA-DNA hybridization values were determined according to the fluorometric micro-well method (Ezaki et al., 1989; He et al., 2005 T with those of representatives of the genera classified in the family Micrococcaceae of the Actinobacteria showed that the organism fell within the evolutionary radiation occupied by the genus Rothia (Fig. 1 ). In the tree based on the neighbour-joining algorithm, strain YIM 67072
T formed a coherent cluster with R. nasimurium CCUG 35957 T , R. terrae L-143 T and R. amarae JCM 11375 T ; the branching order was supported further by moderate bootstrap values (Fig. 1) . A similar tree topology was also obtained with the phylogenetic trees generated using maximum-parsimony and maximum-likelihood algorithms (Figs S1 and S2, available in IJSEM Online). These data supported the finding that strain YIM 67072
T represents a distinct genomic species.
Biomass for the fatty acid and chemical studies was obtained from cultures grown on TSA agar plates for 3 days at 28 u C. Cellular fatty acids were extracted, methylated and analysed by using the Sherlock Microbial Identification System (MIDI) according to the manufacturer's instructions. The fatty acid methyl esters were analysed by using the Microbial Identification software package (Sherlock Version 6.1; MIDI database: TSBA6). Polar lipids were extracted and analysed by two-dimensional TLC according to Embley & Wait (1994) . Purified cell-wall preparations were obtained by the method of Schleifer & Kandler (1972) . The peptidoglycan hydrolysates were analysed by TLC as outlined in Schleifer (1985) and the compositions of amino acids were determined by HPLC (Tang et al., 2009) . Menaquinones were isolated according to Collins et al. (1977) and separated by HPLC (Tamaoka et al., 1983) . The G+C content of the genomic DNA was determined by using the HPLC method (Mesbah et al., 1989) .
Strain YIM 67072
T shared chemotaxonomic characteristics consistent with the genus Rothia. The major cellular fatty acid composition (.5 %) of strain YIM 67072
T showed the presence of anteiso-C 15 : 0 (66.14 %), iso-C 15 : 0 (6.18 %), anteiso-C 17 : 0 (5.58 %) and iso-C 16 : 0 (5.44 %). Details of the cellular fatty acid composition compared with other closely related species of the genus Rothia are presented in Table S1 . In general, all these organisms had similar wholecell fatty acid profiles. The polar lipids of strain YIM 67072 T were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG) and glycolipids (GL), with some unidentified phospholipids (PGL) and unidentified polar lipids (UL) as minor components (Fig. S4 ). TLC analysis indicated that strain YIM 67072 T lacked diaminopimelic acid in the cell wall. Further HPLC analysis of the peptidoglycan showed the presence of the amino acids glutamic acid, alanine and lysine, which were also consistent with the species R. amarae, R. dentocariosa and R. terrae. These results confirmed that the peptidoglycan type of strain YIM 67072 T was A3a (Schleifer & Kandler, 1972) . The predominant menaquinone of strain YIM 67072 T was MK-7 (83.0 %, Table S2 ). The DNA G+C content was 53.2 mol%. These chemotaxonomic data for the novel isolate most closely matched those of members of the genus Rothia, but also showed some remarkable differences with type strains of closely related species of this genus (Table 1) .
Gram staining was carried out by using the standard Gram stain, and motility was tested by the hanging-drop technique (Skerman, 1967) using phase-contrast microscopy (Olympus). Microscopic observation of strain YIM 67072 T grown on TSA medium for 7-14 days at 28 u C were made by light microscopy (BH 2; Olympus) and scanning electron microscopy (Quanta 200; FEI). Growth was tested at 4, 10, 15, 20, 28, 30, 35, 40, 45 and 50 u C on TSA medium by incubating the cultures for 14 days. The ability of the strain to grow at different pH (pH 4, 5, 6, 7, 8, 9, 10, 11, 12 and 13, using the buffer system described by Xu et al., 2005) and NaCl concentrations (0-10 %, w/v, in 1 % increments) was examined at 28 u C for 14 days. Anaerobic cultivation was performed on YIM 38# using the Oxoid AnaeroGen system (Miller et al., 1995) .
T was examined for a broad range of phenotypic properties. Catalase, oxidase, acid production from carbohydrates, triple-sugar iron agar test, VogesProskauer test and hydrolysis of starch, casein, Tweens 20, 40, 60 and 80 were determined using standard methods (Gerhardt et al., 1994; Lányí, 1987; MacFaddin, 2000) . Additional biochemical tests were performed by using commercially available API Coryne and API ZYM kits (bioMérieux), and the utilization of a variety of substrates as sole carbon sources was tested using GP2 microplates from the Microlog system (Biolog), which contained 95 substrates. As the type species of the genus Rothia, R. dentocariosa has been identified as an opportunistic pathogen causing septicaemia, endocarditis and other serious infections (Schafer et al., 1979; Pape et al., 1979; Minato & Abiko, 1984; Pers et al., 1987; Schiff & Kaplan, 1987) , sensitivity of strain YIM 67072 T to different antibiotics was analysed by the disc diffusion method on TSA plates. The following antibiotics were tested (mg per disc unless otherwise indicated): kanamycin (30), nalidixic acid (30), erythromycin (15), rifampicin (5), chloramphenicol (30), gentamicin (10), novobiocin (5), penicillin G (30), neomycin (30), bacitracin (30), vancomycin (30) and tetracycline (10 IU). The effect of antibiotics on cell growth was assessed after 7 days incubation at 28 u C.
T was a non-motile, Gram-stain-positive actinobacterium. Colonies were cream-yellow, and the strain could grow under anaerobic conditions but the growth was poor. Cell morphology was characterized by coccoid cells occurring singly, in pairs or in tetrads (Fig.  S3 ). Strain YIM 67072
T could grow at 4-45 u C, at pH 5-10 and in the presence of 0-7 % (w/v) NaCl, but not in 8 % NaCl. Other physiological characteristics are given in Table  1 and in the species description.
In view of the combination of morphological, physiological, chemotaxonomic and genotypic data, such as positive results for nitrate reduction and acid production from D-glucose, sucrose and maltose, but negative results for urease activity, and acid production from D-xylose and D-mannitol, it was evident that strain YIM 67072 T belonged to the genus Rothia. However, a few characteristics that are unique to strain YIM 67072 T differentiated it from type strains of other species of the genus Rothia (Table 1) . For example, a-galactosidase activity and oxidation of DL-a-glycerol phosphate were positive only in YIM 67072 T . Moreover, there were also some differences in utilization of Tween 40, amygdalin and sucrose. Strain YIM 67072 T could also be differentiated by the colour of colonies (cream-yellow) and the temperature range for growth (4-45 u C). On the basis of these above-described data, strain YIM 67072
T represents a novel species of the genus Rothia, for which the name Rothia endophytica sp. nov. is proposed.
Description of Rothia endophytica sp. nov.
Rothia endophytica (en.do.phy9ti.ca. Gr. pref. endo within; Gr. n. phyton plant; L. fem. suff. -ica adjectival suffix used 
